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(54) Phase-contrast X-ray imaging system 

(57) A phase-contrast X-ray imaging system 
according to the present invention comprises a first half- 
mirror 1 for separating an incident X-ray into first and 
second beams, a hatf-mirror 2b for separating the first 
beam into third and fourth beams, a third hatf-mirror 2a 
for separating the second beam into fifth and sixth 
beams, a fourth half-mirror 3 for connecting the fourth 
beam and the fifth beam obtained via an object 50, mir- 
ror adjusting mechanisms 40 and 41 tor adjusting the 
positional relationship among the first to fourth hatt-mir- 
rors and a detector 59 for detecting a beam connected 
by the fourth half-mirror and a processing section 60 for 
obtaining the image of the object based upon the output 
of the detector. 
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Description 

BACKGROUND OF THE INVENTION 

Field of tJne InventKDn 

The present invention reiates to a phase-contrast 
X-ray imaging system, in detail relates to an X-ray imag- 
ing system utilizing a tact that the sensitivity of an image 
provided by a phase-corrtrast X-ray imaging system is 
extremely high, compared with that provided by a con- 
ventional type X-ray imaging nrtethod depending upon 
absorpton contrast. The present invention is suitable for 
observing biological soft tissues and others the X-ray 
absort>ing power of which is small and as a relatively 
wide visual field for observation can be secured, the 
present invention can be used lor a medical diagnosis 
apparatus. 

Description of the Related Art 

All currently realized X-ray imaging systems obtain 
an image contrast based upon the quantity o4 absorbed 
X-rays. The heavier an element is, the more X-rays are 
absorbed arxj the more heavy elemerrts are included in 
a subject, the more easily the shadow of an X-ray can 
be formed. In the meantime, a substance made of light 
elements which does not absorb X-rays so much is too 
transparent for X-rays and a sufficient contrast cannot 
be otTtained. For a medicaJ X-ray diagrK}sis apparatus, a 
method of emphasizing the image contrast of such soft 
tissues which are difficult to observe by injecting con- 
trast media including heavy elements irrto a subject is 
adopted if the method is allowed. In case there are no 
suitable contrast media for an X-ray diagnostic appara- 
tus (mammography) for diagnosing a nummary cancer, 
efforts to enhance the sensitivity of an image even if a 
little using X-rays the energy of which is relatively low 
are made. This is because X-ray absorption is in inverse 
proportion to the third power of X-ray energy and a con- 
trast is readily formed. However, as the dose of X-rays is 
also in inverse proportion to the third power of X-ray 
energy, the increase of the dose of X-rays caused by 
using X-rays the energy of which is low must be submit- 
ted. It cannot be said that an image enough to diagnose 
using can be obtained. 

In the meantime, there is an imaging method of 
obtaining a contrast by phase shift instead of X-ray 
absorption. As for light elements, the phase interaction 
cross section of X-ray phase shift is approximately a 
thousand times as large as the interaction cross section 
of X-ray absorption, observation which is a few hundred 
times as ser>sitive as prior observation is enaUed. This 
shows that a subject tiie shadow by X-rays of which is 
difficult to form by a conventiorai type method can be 
observed without using special contrast media and Is 
proved in an experiment An X-ray phase-contrast 
image is observed using an X-ray interferometer, how- 
ever, as the size of an interferometer which can be man- 



ufactured is limrterl, its observational field is narrow and 
application as (t is to a medical diagnosis apparatijs is 
difficult For an example of the visual field of a few rTHl- 
limeters. Phase-contrast X-ray radiography (A. 

5 Momose. et al , Med. Phys . 22. 375-380 (1995)) and 
Phase-corrtrast computed tomography (A. Momose. et 
a!., Rev Sci. Instrum. 66. 1434-1436(1995). the United 
States patent application 5. 1 73. 928) can be given. 
Currently Known X-ray interferometers are pro- 

'0 duced by integrally carving the body from a single ays- 
tal ingot made of silicon and otiiers as shown in Fig. 1 . 
Three crystalline plates 1 to 3 are arranged in parallel 
and at an equal interval one another, when an inctdent 
X-ray 4 meets the diffraction condition of a lattice plane 

'5 5, the incident X-ray 4 is separated into two beams 6a 
and 7a. each beam ts similarly separated into two 
beams 6b arxl Be artd into two beams 7b and 7c again 
by a second crystalline plate 2, the beams 6b and 7b 
are connected by a third crystalline plate 3 and interfere 

20 each other. That is, the three crystalline plates 1 to 3 
function as X-ray half mirrors. When a subject 8 is 
inserted in the path of one beam, for example the beam 
5b, the phase of the X-ray is shifted and an interference 
pattern is formed by X-ray beams 6d and 7d through a 

25 third crystalline plate 3. As the size of an observation 
field is equivalent to the thickness of an X-ray beam 
through an interferometer and two beams formed in an 
interferometer are required to be separated completely, 
tinat is, to be noi overlapped, the whole interferometer is 

30 required to be enlarged to thicken a beam. When rt is 
considered that the whole interferometer is carved from 
a single crystal ingot and the size of a currently available 
silicon ingot is limited, a securable observation field is at 
the largest approxinnately 2 square centimeters. 

35 An X-ray interferometer in which respective two X- 
ray half mirrors are formed in two independent crystal- 
line units is reported on pages 593 to 598 written by P. 
Becker and U. Bonse in vol. 7 of J. Appl. Cryst. pub- 
lished in 1 974 and research related to a required adjust- 

40 ment axis is made, however actijal development having 
a large visual fieW cannot be recognized. 

SUMMARY OF THE INVENTION 

45 To widen an observational field in a phase-contrast 
X-ray imaging method and utilize the widened visual 
field for medical diagnostic technofogy, an X-ray interfer- 
ometer which can secure a wide visual field is required 
to be developed. The object of tine present invention is 

50 to produce plural X-ray half mirrors which were inte- 
grated heretofore separately in a required range and to 
widen an observation field by arranging the plural X-ray 
half mirrors with them separated. Therefore, devices for 
arranging and adjusting an independently produced X- 

55 ray half mirror at the precision corresponding to the 
wavelength of an X-ray because it is l/a few A and 
extremely short particularly in case an X-ray is applied 
to medical care are important. 

According to the present invention, an observation 
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field exceeding two square centimeters can be secured 
and medical diagnosis by various imaging methods uti- 
lizing an X-ray phase contrast such as Phase-contras^ 
mammography. Phase^ontrast angiography and 
Phase-contrast X-ray computed tomography .s enabled. 5 

An interference pattern can be obtained using an X- 
ray interferometer, howler, in case such an .nterfer- 
ence pattern is applied to medical diagnosis technology 
it is required to be noted that such a interference pattern 
does not necessarily provide information required tor 10 
diagnosis. That is. an interference pattern shows some 
pattern related to the inside structure of a subiect and rt 
,s practically inportant how to read diagnoses .nforma^ 
tion based upon an interferer^e pattern. An '^terference 
pattern shov^the contours of the constant phase shift ^5 
of an X-ray caused by the transmission of a ^bj ert 
an X-ray. the magnrtude of X-ray phase shrft greatly 
depends upon the shape of the whole subject and .s 
aZ influenced by the phase difference (zero :n case an 
interferometer is ideally constituted, however. generaHy 20 
not zero because an adjusting error occurs) of two 
bean* formed in an interferometer, ^beretore. fo^ 
exanple. a cancerous tissue does not ah^ays 
or dark but tooks light or dark depending ipon the s^ze 
of a tumor arxl a corxiition in which an opt.cai system s 25 
adjusted. As the image of a normal tissue also am^rly 
,cx!ks light or dark, it is difficult to detect a specrfc focus 
such as a cancer only based upon an interfarence pat- 
tern. Therefore, image processing which does not 
deperKl upon the state of an optical system is r^u.^^ 30 
T^^refore. it is a good way to convert an 'nterference 
pattern into a phase shift distribution image and execuU 
instrumentation. A phase shift dstritxition .rr^oa shows 
the spatial distribution of the phase shift of an X-ray by 
a su^ and even if the state of an optical system js 35 
varied , the contrast of an image does not basically vary. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a weJl-knw,n integrated X-ray interfer- 4C 

ometer ; ^i. 1 « v 

Figs. 2 (a) to (d) show the basic beam path of an X- 
ray interferometer constituted by an independent X- 
ray half mirror; . ^* 

Figs 3 (a) to (c) show the difference in the type of 45 
diffraction caused by the difference in an angle a 
formed between a crystal surface and a lattice 

F? 4 shows the shape of an X-ray half mirror unrt 
used in a first embodiment according to the present so 
invention and its adjustment axes; 
Fig 5 shows a state in which the X-ray half mirror 
unit shown in Fig. 4 is can/ed from a cylindrical sili- 
con ingot; 

Fig 6 is a plan and a side view showing an example 55 
of the constitution of a piezoeiecfric element driving 
stage for a rotation axis 6 in the first embodiment 
according to the present invention; 
Fig. 7 is a plan and a side view showing an example 



of the constitution of a piezoelectric element driving 
stage tor a rotation axis co in the first embodiment 
according to the present invention; 
Figs. 8 (a) to (d) show the constitution of a phase 
plate for a fringe scanning method; 
Fig 9 is a plan showing the whole constitution of a 
phase-contrast mammographic system equivalent 
to the first entiodiment according to the present 
invenbon; ^ * 

Fig 10 is a perspective drawing showing a state in 
which a chamber is provided to the phase^ontrast 
mammographic system equivalent to the first 
embodiment according to the present invention; 
Ftg 1 1 is a perspective drawing showing the outline 
oi the inside structure of the chamber for which an 
oscillation preventing measure is taken of the 
Dhase-contrast mammographic system equivalent 
to the first embodiment according to the present 
invention; 

F,a 12 shows the shape of an X-ray half mirror 
used in a second embodiment according to the 
present invention and its adjustment axes; 
Fig 13 shows a state in whk;h the X-ray half mirror 
shovm in Fig. 12 is carved from a cylindrical silicon 

Rg^^U is a plan showing an example of the consti- 
tution of a piezoelectric element driving stage for a 
parallel displacement axis x in the second embodi- 
ment according to the present invention; 
Fig 15 shows the whole constitution of a phase- 
contrast mammographic system equivalent to the 
second errbodiment according to the present 
invention; ^ ^ ...^ 

Fig 1 6 is a block diagram tor driving and controlling 
the phase-contrast mammographic system; and 
Rg 17 shows an example of the constitution of-an 
X-rays source as a linear light source and the posi- 
tional relationship between ttie X-rays source and 
an interferometer. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Figs 2 show some basic constitutional examples of 
the beam path of an X-ray interferometer constituted by 
an independent X-ray hart mirror. Fig. 2 (a) sho.^ an 
example in which the hart mirrors 1 to 3 shown in Fig^l 
^e^nply indeperxlently separated. ^'Q- 2 ^) ^ows a" 
example in which the central half mirror is hJrtt^ersepa- 
rated into two independent hatf mirrors 2a and 2b and 
space tor inserting a subject (an interval between me 
mirror 2a and the half mirror 3) is expanded by shift- 
Sem in the reverse directton arxl Fk,. 2 (c) 
example in which the two half mirrors 1 and 2a and the 
two haH mirrors 2b and 3 respectively in the axa-^^ 
shown in Fig. 2 (b) are respectively -rrtegrated as one 
group and as a whole, two independent sets of half mir- 
rors are constituted by units 9 and 9'. When th.s exam- 
ple is viewed from only the shape of the arranged half 
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mirro^. ,t is related to research by P Becker et al Fur- 
ther. Fg. 2 (d) sho^ an example .n v^ch X-ray reflect- 
ing m.rorsiOarxi 10- are used in ptece of the central 
half m,rrof 2. As the central half mirrors 2. 2a and 2b 
Shown in Figs. 2 (a) to (c) only function as a mirror for 
actua^^y Changing the propagation directon of X-rays 
the reflecting mirrors are used as shown in Rg 2 (d) so 
that aiejmensrty o* a beam ,s prevemed from be.ng lost 
by a half rmrror. 

Figs. 3 (aj to (c) are schematic drawings showing 
he drf^er ence .n the type of drffraction depending upon 
the d/fference in an angle a between a crystal surface 
and a lattce plane and show the difference between the 
X-ray reflecting m*rror and the X^ay half mirror due to a 
crystal. Any drawing shows the section of a crystal and 
he tattice plane of a crystal is shown by a transverse 
ine in drawings. If an angle between a crystal surface 
1 1 and a lattice plane 5 related to diffraction is 'a as 
Shown ,n Fig. 3 (a), the mirror functions as an X-ray 
reflecting mirror as shown in Rg. 3 (b) (a . 0* in the 
case) (f Bragg diffraction angle is 66 and a < 9B If a > 

fn^^^"?* w' ^" ^-'^y ^'^o^ as shown 

-n Fig. 3 (c) (a - 90<' in that case). A full line including an 
arrow shows an incident or outgoing X-ray .n these 
drawings^ In the case of Fig. 3 (b). an X-ray which meets 
Bragg drffraction condition is reflected at the reflection 
^ctor o( 80 to 90% and efficiency as a mirror is excel- 
lent, compared with that in the case of Fig. 3 (c) how- 
ever, there is inconvenience that a long reflecting 
surface is required to widen a beam as in the preserrt 
invention. 

The constitution of an interferometer may be 
another, however, it should be considered so that the 
length of two beam paths is substantially equal. This is 
because the coherence of an X^ay beam is generally 
not complete, the larger the difference in the length of 
paths IS. the more coherence is deteriorated and the 
more the visibility of an observed interference pattern is 
deteriorated. 

fn the case of any constitution shown in Figs 2 the 
relative posrtion between each X-ray half mirro^ or 
between each X-ray reflecting mirror is required to be 
adjusted at finer preasion than the wavelength of an X- 
ray A mechanism for adjusting an angle so that Bragg 
diffraction condition is met is also required 



P ane of a crystal, the direction of a normal on the lattice 
plane 5 is x-axis. the direction of a normal on a scatter- 
ing plane (a plane including an arrow showing the proo- 
agation direction of an X-ray beam in the drav^ng)Ts y- 
5 axs and an axis perpendicular to x-axis and y-a^s is z 
a»s. Rotation axes arourxi x-. y- and z-axes are respe^- 
tiv^y ^-axis. e-axis and o^a^s. If a unrt provid Jwith 
th.s constitution .s used, there is an advantage that par- 
allel movement on x-. y- and z-axes has no effect upon 
w coherence and adjustment is not required. ThT^is 
because as the two X-ray half mimxs are simultane- 
oc^ly moved in parallel, an effect t^xxi the phase of an 

M.'m "^"^^ ^ ''^ =^ ^-^^ reflection 

(440) IS used and if an interval between the X-ray half 
r5 mirrors^f the unit is 80 cm. precision not more ttian 1 x 



First Embodiment 

onH 1^" ^® ^ ^''^y ^^^^ unit 

and Its adiustment axes equivalent to a first embodi- 
ment according to the present invention of a phase-con- 
trast mammographic system consisting of the units 9 
and 9 provided on a common board constituted by the 
respective sets of the two X-ray half mirrors 1 and 2a 
and the two X-ray half mirrors 2b and 3 respectively 
shown in Fig. 2 (c). A thick full line including arrows in 
Fig. 4 shows an X-ray which is incident on the center of 
the half mirror and outgoing from the center. A reference 
number 5 representatively denotes a pan of the lattice 



.-1^^ 'U^"*^^' ^^tion on a).ax,s. reflection 
(440) ,s used and if an interval between the X-ray half 
mirrors of the unit is 80 cm. the wavelength of an X-ray 
's 0.2 A and distance between an X-ray source and the 
20 imaging apparatus {distance between an X-ray source 
33 and an X-ray two^imensional sensor 59 in an 
embocfiment shown in Fg. 9) is 10 m. preciSK^n not 
more than 1 x 10'^ rad. is required. For ♦-axis, particu- 
larly se-.-ere fine adjustmenr is not required. Therefore 
25 only rotation on oj^axis and e-axis require adjustment ' 
Fg. 5 shows a state in which the respective sets of 
tfie two X-ray half mirrors 1 and 2a and the two X-ray 
half mirrors 2b and 3 as the units 9 and 9' provided on a 

30 ,*?;;r.%^'^r'^''^''°^°""'^*«32.Asshown 
30 in Fig. 5. rf the effective area of the X-ray half mirror is 1 0 
square cm in case FZ silicon with the diameter of nomi- 
nal SIX inches is used, it is easy to obtain the inten^l of 
approximately 80 cm between the X-ray half mirrors As 
a beam e required to be propagated substantially along 
35 tfie respective longitudinal directions of the units 9 and 
9 respectn/ely consisting of the X-ray half mirrors as 
shown .n Fig. 2 (c) rf the units 9 and 9' are carved from 
a cylindncaJ silicon monocrystalline ingot, a limitation is 

'^Posed on the growth axis of the ingot and the lattice 
^ plane related to drffraction. For exanple. when an ingot 
grown in the direction tilted from <1 1 1 > axis to (110) axis 
by SIX degrees is used in case an X-ray of 60 keV is 
used for reflection (440). a wide visual field can be effi- 
ciently secured. 
45 Fig. 6 is a plan and a side view showing an example 
of the constitution of a rotating stage 1 00 for con^diing 
9-axis in the first embodiment- Two thick plates are con 
nected by a connecting part 103 which functions as the 
supporting point of rotation and a connecting part 104 

p ates functions as a fixed part 101 and the other thick 
plate functions as a rotating part 102. This structure is 
produced, for example by wire-cutting one thick plate A 
holding piece 105 is fixed on the side of the fixed part 
*^ connecting part 104 by a supporting 
bolt 106. A piezoelectric element 108 is provided 
between the side of the rotating part 102 close to the 
connecting part 104 and the holding piece 105 The pie- 
zoelectric element 108 is set so that the rotating part 
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102 is in a state in which it is a little pressed on the right 
side of the drawing in a state in which control voltage is 
not applied. Therefore, for example, when the units 9 
and 9' respectively consisting of the X-ray hart mirrors 
are fixed on the upper surface of the rotating part 1 02 as 
shown by a broken line in Rg. 6 and the polarity and 
magnitude of voltage applied to the piezoelectric ele- 
ment 108 are controlled, the piezoelectric element 108 
is stretched or contracted according to the polarity and 
magnrtude of applied voltage, the rotating part 102 is 
displaced based upon the fixed part id in the direction 
shown by an arrow and the rotating part 102 can be 
rotated with the connecting part 103 in the center. 

The fixed part 101 and the rotating part 102 are 
constrtuted so that the bottom of the rotating part 102 is 
a little imed from the bottom of the fixed part 101 as the 
side view shows. Hereby, the rotating part 102 can be 
smoothly rotated. Further, each thick plate of the fixed 
part 1 01 and the rotating part 1 02 may be formed by an 
irxlividual thick plate. In this case, the parts are required 
to be connected by a connecting piece provided with a 
supporting point and the function of a spnr^ as 
described in relation to the constitution shown in Fig. 7 
in place of the connecting parts 1 03 and 1 04. 

Fig 7 is a plan and a side view showing an example 
of the constrtution of a rotating stage 200 for controlling 
a>-axis in the first embodiment. The side of each thick 
plate is connected by a connecting piece 203 so tha^ 
one of two thick plates functions as a fixed part 201 arxJ 
the other thick plate functions as a rotating part 202. 
The connecting piece 203 connects both parts by a bolt 
207 and a narrowed part 204 is formed in the center so 
that the connecting piece functions as the supporting 
point of rotation and is provided with the functon of a 
spring A piezoelectric element 205 is provided between 
opposite faces on the reverse side of the connecting 
piece 203 of each thick plate. The piezoelectric elemerrt 
205 is set so that the rotating part 202 is a little Irfted 
upward as shown in the side view in F.g. 7 from the 
lower surface of the drav^ng with no control voltage 
applied. Therefore, for example, when the units 9 and 9 
respectively consisting of the X-ray half mirrors are fixed 
on tfie upper surface of the rotating part 202 as shown 
by a broken line snd the polarity arxJ magnitude of volt- 
age applied to the piezoelectric element 205 are con- 
trolled the piezoelectric element 205 is stretched or 
contracted according to the polarity and magnitude d 
applied voltage, the rotating part 202 is displaced based 
upon the fixed part 201 in the direction shown by an 
arrow arxl the rotating part 202 can be rotated with the 
narrowed part 204 of the connecting piece 203 as a 
supporting point. ^ , „ 

As described above, in this embodiment, fine 
adjustment axes v^rtiich are importart to an X-ray half 
mirror are e-axis and a>-axis and when they are individ- 
ually adjusted, the stages shown in Figs. 6 and 7 may 
be used, however, if both e-axis arxJ cx-axis of one X-ray 
half mirror are to be adjusted, the stages shown m Fjgs^ 
6 and 7 are required to be heaped and hereby, both 



axes can be individually adjusted. For example the 
fixed part 201 of the stage 200 shown in F:g. 7 is fixed 
on the movable part 102 of the stage 100 shown m Fig^ 
6 with the length and direction matched and the unit 9 or 
s 9- con^sting of the X-ray ^«tf mirrors is fixed on 
upper surface of the movable part 202 of the stage 200 
as shown by a broken line with the unrt ^^y ^/^^ 
degrees. The unit is required to be fixed with it tilted by 
six degrees because the unit 9 or 9' consisting of the X- 
,a ray half mirrors is carved from an ingot grown wttfi the 
ingot tirted from the (ill > axis to (110) axis by six 
degrees to use for reflection (440). As a result for 
example, the movable part 102 of the lower stage 100 is 
controlled corresponding to 6-axis and the movable part 
,5 202 Of the upper stage 200 is controlled corresponding 
to c£>-axis. 

Next a method of obtaining diagnostic information 
based upon an interference pattern will be described. In 
the case of a conventranal type method utilizing absorp- 
20 tion contrast, a contrast is basically not varied depend- 
ing upon an optical system and in addition, it is never 
inverted. It is because the projection of an X-ray absorp- 
tion coefficient which is quantity proper to a substance 
determines the contrast of an image. In the case ol a 
25 phase contrast method according to the present inven- 
tion an image with a contrast showing the distribution of 
quantity {a reflective index) proper to a substance is 
also obtained as an interference pattern if an optical 
system is ideally constituted, however, in the case of a 
30 phase contrast method, an innage with a contrast show- 
ing the distribution of a reflective index is not always 
obtained and when such an image cannot be obtained, 
this image cannot be used for diagnosis- In the mean- 
time if an image showing the distribution of phase shift 
35 can be Obtained When the projection of a reflective. ndex 
is considered to be equivalent to X-ray phase shift, the 
image can be always used for diagnosis. Therefore, a 
method of obtaining an image showing the distribution 
of phase shrft based upon an X-ray interference pattern 
40 is required. Some methods of determining phase shift 
based upon an interference pattern are established in 
the field of research on the interference of light and one 
of them which can be utilized for an X-ray interferometer 
is a fringe-scanning method (J. H. Bruning. et al.. AppL 
45 Opt . 33. 2693-2673 (1974)). This method is a method 
of obtaining an image showing the distribution of phase 
shift by calculation based upon plural interference pat- 
terns obtained by changing the relative phase difference 
of mutually interfering two X-ray beams by degrees^ It is 
50 the principle of a fringe-scanning method that if the 
deflection angle of an expression, 



is calculated in case M pieces of interference patterns 
are obtained changing phase difference by 2n/M, an 
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image showing the distnbLrtion oi phase shift can be 
obtained, in the above expression, denotes an inter- 
ference pattern obtained when phase difference is set 
to 2ji ^ and / denotes an imaginary unit. 

Figs. 8 show examples of phase plates arranged in s 
the beam path of an X-ray interferometer tor executing 
the fringe- scanning method and phase difference can 
be adjusted by moving them. Fig. 8 (a) utilizes a wedge 
of phase plate 25 for moving a beam path in the titted 
direction of the wedge 25 by inserting rt in one beam lo 
path of the X-ray interferometer, ff the wedge 25 is 
moved as shown by an arrow in Fig. 7 because the 
quantrty of phase shrft by an X-ray phase plate is in pro- 
portion to the thickness of the X-ray phase plate, the 
thickness m the posrtion where an X-ray is transmitted r5 
can be changed and phase difference proportional to 
the quantity of movement of the wedge 25 can be pro- 
vided. However, the phase plate of this type generates 
phase grade in an X-ray beam arxJ as a resuft, gener- 
ates an interference pattern wrth an equal interval. 20 
There is no problem in the prirtciple because a desired 
image (an image showing the dtstributx)n of the phase 
shift of a subject) is obtained if this phase grade is sub- 
tracted from an image showing the dist'-ibution of phase 
shrft obtained using the above fringe-scanning method, 25 
however, if the precision of fringe scanning is bad, there 
is a defect that an interference pattern by the wedge 25 
is left as a trace in an image showirtg the distrixrtion of 
phase shift and a striped artifact is formed. Fig. 8 (b) 
shows a method of changing the thickness of a phase 30 
plate by turning the phase plate 26 as shoswn by an 
arrow and adjusting phase difference. As the phase 
plate 26 itself generates rx3 interference pattern, there is 
no anxiety that an artifact is formed as in case the 
wedge-type phase plate 25 is used. Instead, as the 35 
turning angle of a p>hase plate is not in proportkyi to pro- 
vided phase difference, the turning angle and phase dif- 
ference are required to be calibrated beforeharxJ. Fig. 8 

(c) shows a state in which wedges in the same shape 27 
and 27' are piled with anti -parallel arrar^gement and a *o 
method in which phase difference is adjusted by moving 

at least one wedge in the titted direction. The method is 
a method provided with both advantages provided to (a) 
that the quantity of the movement of the wedge is in pro- 
portion to provided phase difference and provided to (b) 45 
that there is no anxiety that a striped artifact ts formed. 
In any 0* the above (a), (b) and (c), the above phase 
plate n^y be inserted in any of beam paths 6a, 6b, 7a 
and 7b shown in Fig. 1. A phase plate shown in Fig. 8 

(d) is also used for the same object as that in Rg. 8 (c). so 
however. Rg. 8 (d) shows a method of inserting each of 
wedge-type phase plates 28 and 28' in the same shape 

in the same direction in two beam paths, for example 
beam paths 6a and 7a shown in Fig. 1 . To adjust phase 
difference, at least one wedge has only to be moved in 55 
the tilted directk>n shown by an arrow. 

The object of the present invention is to embody an 
X-ray interferometer wherein a thick X-ray beam can be 
utilized and distance between nnirrors is long enough 
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and to enable the present invention to be applied to a 
medical diagnosis apparatus according to a phas»-con- 
trast X-ray imagir>g method. As in some cases, an X-ray 
interferer»ce pattern cannot be utilized for diagnosis as it 
iS, such an X-ray interfererx:e pattern is devised so tfnat 
an image showing the distribution of phase shift can be 
obtained based upon the X-ray interference pattern arxd 
an image of the same contrast can be always provided 
wtthout depending upon the degree of the adjustment of 
an apparatus. A new diagnostic method such as phase- 
contrast mammography and phase-contrast ar>giogra- 
phy can be realized using a system according to the 
present invention and further, phase-contrast X-ray 
computed tomography can be realized by obtaining an 
image showing the distributwn of phase shift from plural 
directions of projection by rotating a subject and by 
processing the obtained images. A soft tissue such as a 
cancer in a living body which tt is difficult to diagnose 
according to a conventional type method can be diag- 
nosed at approximately a thousand times as rruch sen- 
sitivity by these means. The quantity of X-rays radiated 
on a body can also greatly reduced, compared with that 
according to the conventional type method. Further, as 
an X-ray beam through an X-ray interferometer is sub- 
stantially a plane wave, an '\vnage is hardly dinvned and 
an image of 50 or less in space resolving power can 
be obtained. 

Rg. 9 shows the whole constitution of a mamnvj- 
graphic system constituted using the unit consisting of 
the X-ray half mirrors described in relation to Fig. 4. 
Each unit is fixed on stages 36 arxJ 37. In this embodi- 
ment, the rotating stage Ibr adjusting 6 -axis shown in 
Fig. 6 is adopted as the stage 36 arvj the stage consti- 
tuted by heaping the rotating stage for adjusting e-axis 
shown in Rg. 6 and the rotating stage 200 for adjusting 
ccraxis shown in Fig. 7 for adjusting e-axis and a>-axi8 as 
described above is adopted as the stage 37. As the 
adjustment of O-slxIs and a>-axis is relative, the relative 
turning angle of the units 9 and 9' can be simiiarty 
adjusted even if the relationship between 0-axis and o)- 
axis is inverted. The stages 36 and 37 are arranged on 
a table 39 and further, the whole system is housed in a 
chamber 51 , however, only the outside line of the cham- 
ber is shown by a reference number 51 . The sides of the 
units 9 arxj 9' are nnirrors and rough adjustment of the 
relative turning angles e and co of the unit 9' (the X-ray 
half mirrors 2b and 3) tor the unit 9 (the X-ray half nnirror 
1 and 2a) is executed by an autocollimator 307 based 
upon light reflected on these mirrors prior to diagnosis. 
Light 308 emitted from tine autocollimator 307 is 
reflected on the side of the unit 9 and returned and light 
309 is reflected on tine side of the unit 9' via rectangular 
prisms 310 and 311 and returned. A sigr^l for roughly 
adjusting the angles 6 and co is obtained by examining 
positions in which the lights 308 and 309 are returned. 
Each mirror plane and each crystal lattice plane of the 
two units are produced so that the respective angles of 
each unit are as equal as possible, however, displace- 
ment between both units is exannined using X-rays 
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beforehand and rough adjustnnent is required to be exe- 
cuted in consideration of the displacement. As the two 
units are far. an optical path is changed using a prism 
and a mirror, however, an effect by an optical element at 
this time is measured beforehand and correction is 5 
required to be made. The operation of rough adjustment 
will be described later. 

An X-ray incident on the X-ray half mirror 1 of the 
unit 9 is separated into beams 6a and 7a by an X-ray 
half mirror 1 and the beam 6a is separated into beams 10 
6b and 6c by an X-ray haH mirror 2a. The beam 7a is 
separated into beams 7b and 7c by an X-ray half mirror 
2b The beam 6b and 7b Interfere by an X-ray half mirror 
3 and are output as beams 6d and 7d. The checked part 
50 of a subject 49 is put in the path of the beam 6b. At is 
this time, a shield plate 53 is provided at a part of the 
chancer 51 on which the beam 6c is to be incident so 
that the beam is prevented from being incident on the 
subject 49. If the subject 49 is arranged in the path of 
the beam 7b. the same diagnosis is also enabled and in 20 
that case, a concave portion is provided on the side of 
the beam 7b. Prior to imaging an image, a checked part 
(a mamma) 50 is pressed in a predetermined position 
by a holder 54 so that the thickness of the checked part 
is fixed and for example, is temporarily fixed on a bed. 25 
However, it is desirable that the degree of freedom m 
which the holder can be a little moved in parallel and 
can be a little rotated is provided to the holder 54 and 
flexibility in imaging an image is secured. Reference 
numbers 55 and 56 respectively denote a phase plate 30 
and its driving base and the above phase plate and its 
driving base are installed in the path of the beam 7a so 
that when diagnosis is difficult in the shape of an inter- 
ference pattern, diagnosis based upon an image show- 
ing the distribution of phase shift by a fringe-scanning 3S 
method is enabled. The driving base 56 is provided to 
prevent vibration when driven from being transmitted to 
the base 39 and fixed on the ceiling of the chamber 51 . 
The phase plate is driven by a signal from a controller 
328 instructed by a computer 60. Reference numbers 40 
57 and 58 denote X-ray intensity monitors and they are 
arranged so that they respectively receive the beam 7c 
and 7d. Further, a reference number 81 also denotes an 
X-ray intensity monitor, however, this is arranged in the 
end of a predetermined position of the beam 7a and 45 
receives X-rays at the end of the beam 7a. For example. 
PIN diode detector is used tor these X-ray intensity 
monitors 57. 58 and 81 and as a result a method of 
measuring current flowing v\^hen an X-ray is incident is 
facilitated. Rough adjustment prtor to diagnosis is exe- so 
cuted using the output of these X-ray intensity monitors 
57. 58 and 81. The interference patterns obtained by 
the beams 6d and 7d of the checked part 50 are sub- 
stantially the same and in this embodiment, the interfer- 
ence pattern is detected by the X-ray two-dimensional ss 
sensor 59 arranged so that the beam 7d can be 
received, however, the X-ray intensity monitor 58 may 
be also used as an X-ray two-dimensional sensor to 
obtain the X-ray interference pattern. In an example 



shown in Fig. 9. the X-ray intensity monitor 58 is used as 
the X-ray two-dimensional sensor and a signal from it is 
utilized for a feedback signal for stabilizing an interfer- 
ometer differently from the X-ray interference pattern 
obtained by the X-ray two-dimensional sensor 59. The 
X-ray two-dimensional sensors 58 and 59 are driven by 
camera controllers 63' and 63 and the camera control- 
lers 63' and 63 are controlled by the computer 60. An 
image is instructed to be imaged by a control program 
run in the computer 60 and an obtained image is stored 
in the memory of the computer 60 via the camera con- 
trollers 63' and 63. Diagnosis is executed based upon 
image data stored in this memory and a control signal 
for stabilization by feedback is output to the controller 
325. A voltage controlled signal is applied to the piezo- 
electric element of the stage 37 in which the two stages 
are heaped by a signal from the controller 325 which 
receives an instruction from the compUer 60. the feed- 
back of e and CO is executed, however, this concrete 
exanple will be described in detail later. 

It is desirable that an X-ray incident to the X-ray half 
mirror 1 of the unit 9 is supplied from an X-ray source 33 
arranged in a chamber isolated via a partition 52. It is 
because unnecessary radiation on the subject 49 can 
be prevented and vibration caused from the X-ray 
source 33 can be prevented from being transmitted to 
the X-ray interferometer. 

A specific energy of X-ray beam 4 is extracted from 
an X-ray emitted from the X-ray source 33 using a mon- 
ochromator 34 and transmitted to an image detector. 
The monochromator 34 simultaneously widens the 
width of the beam 4 by asymmetric reflection (the case 
of 0 < a < e in Fig. 3 (a)). It is desirable that the diffrac- 
tion index is the same as that of the X-ray half mirror and 
(220), (440). (400). (422) and others are desirable. Tlie 
X-ray source 33 longer sideways as shown in Fig. 9 is 
advantageous in widening the width of a beam by the 
monochromator 34 and hereby, an intense X-ray beam 
is supplied into the interferometer. A shutter 35 is pro- 
vided immediately after the monochromator 34 to pre- 
vent an X-ray from being radiated unnecessarily in other 
than imaging. This shutter 35 may be also installed 
immediately after the X-ray source 33. 

Next, feedback control for rough adjustment prior to 
diagnosis and stabilizing the intederometer will be 
described. 

First, the output from the X-ray intensity monitor 81 
will be described. If '6' of the X-ray haH mirror 1 is not 
suitable because the X-ray half mirror normally func- 
tions only when it meets a diffraction condition, an X-ray 
is not transmitted through the X-ray half mirror suitably. 
As the X-ray intensity monitor 81 is arranged at the end 
of the beam 7a. an X-ray is hardly sensed if 'O' is not 
suitable. Therefore, when an X-ray is hardly sensed by 
the X-ray intensity monitor 81 . a signal for correcting '6' 
so that the output from the X-ray intensity monitor 81 is 
substantially maximum is sent to the stage 36. Next a 
signal tor adjusting angles 9 and co is sent to the stage 
37 so that the reflected light on the respective sides of 
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the unrt 9 (the X-ray hatf mirrors 1 and 2a) arxj the unrt 
9' (the X-ray half mirrors 2b artd 3) of light 308 and 309 
oulput from the autoco^limator 307 is parallelized. After 
the above rough adjustmertt, the two ptezoelectnc ele- 
ments of the stage 37 are controlled until an interfer- 5 
ence pattern is sensed by an X-ray image sensor 59 
arxj an interference pattern is found by scarviing two 
rotation axes (6 arxj 01) When an interference pattern is 
obtained, diagnosis can be started by controlling the 
two rotation axes (6 and cd) so that this interference pat- to 
tern is optimum. 

If 0-axjs and co-axis which require high precision 
adjustment are drifted even after an interference fringe 
IS obtained and diagnosis can be started, an interfer- 
ence pattern is varied. Therefore, while a subject is is 
diagnosed, the X-ray interferometer can be stabilized by 
monitoring an interference pattern obtained by the X-ray 
image sensor 58. When e-axis and co-axis are drifted, 
an interference pattern is varied, however, its state is 
different depending upon an axis. In the case of O-axis. 20 
apparent phase difference between the two beams 6b 
and 7b is varied, in the meantime, in case o-axis is 
drifted, a fringe like rrxiire fringes is generated and is 
stretched or contracted depending upon the quantity of 
the drift of ci>-axis. Therefore, stable diagnosis is ena- 25 
bled by feedback-controlling so that the change of an 
interference pattern obtained by X-ray image sensor 58 
is deleted by processing by the computer 60 via the 
camera controller 63'. 

When an image is required to be obtained by the 30 
fringe-scanning method, the control program run in the 
computer 60 instructs the driving base 56 of the phase 
plate and the camera controller 63 to obtciin plural 
images (an interference pattern), changing phiase differ- 
ence. The computer 60 operates as shown in the 3S 
expression ( 1 ) based upon the obtained images and the 
generated image showing the distribution of phase shift 
is displayed on the display of the computer 60. 

Fig. 10 is a perspective drawing showing the above 
constitution in the first embodiment in a state in which rt 4€ 
is covered by the chamber 51 . The beam 6b is once led 
outside the chamber 51 through a window 71. after the 
beam is transmitted through the checked part 50 not 
shown of the subject 49. it is again incident into the 
chamber 51 through a window 72, the interference 45 
beams 6d and 7d are led outside the chamber 51 
through a window 73 and measured. The windows 71 to 
73 for partitioning the chamber 51 and preventing heat 
generated by the subject 49 such as his/her body tem- 
perature and breath from fnaving an effect upon an opti- so 
cal system are made of a plastic plate which does not 
absorb an X-ray so much and others. In Fig. 10, an Ind- 
derrt X-ray is not shown. 

Fig. 1 1 shows the outline of an embodiment of an 
X-ray interferometer provided with the same constitution ss 
as in the above first embodiment for which a measure 
against vibration as faster fluctuation is taken. 

As an X-ray interference pattern is spatially fluctu- 
ated at a high frequerury when the units 9 and 9' respec* 
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tjveiy consisting of the X-ray haff mirrors are relatively 
vibrated, the visibility of an interferertce pattern may be 
apparently deteriorated and an interference pattern may 
be invisjtsle. Therefore, a device is required so that 
vibration is not transmitted to the units 9 and 9'. In this 
embodiment, as shown in Fig. 10. the X-ray half mirrors 
1 , 2a, 2b and 3 are respectively fixed in a pod 450, liq- 
uid provided with high viscosity such as oil is filled in the 
pool and the pool is constituted so that only the X-ray 
half mirrors 1 . 2a. 2b and 3 appear over a liquid level. 
The poo( 450 is put on the base 39 and the whole ts cov- 
ered by the chamber 51 . Hereby, vibration of a high fre- 
quency corrponent is prevented and the vtstbility of an 
interference pattern is enharxied. Plates made of beryl- 
lium are stuck on windows 452. 453. 454 and 455 pro- 
vided on the walls of the chamtjer 51 through which X- 
rays pass to prevent outside air from flowing inside the 
chamber. In addition, a pX3lymer film, a thin aluminum 
plate and a glass plate can be used. 

This embodiment is an example in which the part of 
an interferometer under the X-ray haff mirrors is sunk in 
liquid with high viscosity in addition to a sound-proof 
chamber, a sound insUating wall and a base normally 
used. 

In the first errtxxJiment, if the pool as shown in Fig. 
1 1 is not used, the room of chamber 51 can be made 
substantially vacuum so tfwit it prevent to transfer for 
temperature regulation etc. of surrounding to X-ray half 
mirrors. 

Second Embodiment 

In this embodiment, an X-ray interferometer is con- 
stituted by independent three X-ray half mirrors 1 to 3 as 
shown in Fig. 2 (a). Fig. 12 shows the degree of free- 
dom required in case X-ray half mirrors are adjusted in 
this embodiment The case of an X-ray reflecting mirror 
is also simitar. As described in relatk^n to the first 
embodiment shown Fig. 4. a thick full line shown by an 
arrow in Fig. 12 shows an X-ray which is incident on the 
center of a half mirror and outgoing from the cerrter. A 
reference number 5 representatively denotes a part of a 
crystal diffractk5n lattice plane, the direction of the nor- 
mal of the diffraction lattice plane 5 is x-axis, the direc- 
tion of the normal of a scattering plane (a surface 
including an arrow showing the propagation direction of 
an X-ray beam in Rg. 12) is y-axis and an axis perpen- 
dicular to X-axis and y-axis is z-axis. Rotation axes 
around x-. y- arxJ z-axes are respectively ^axis, e-axis 
and co-axis. For ttie parallel movement of an X-ray half 
mirror, the precision of x-axis is severely required and 
precision of 1/a few A or less is required. For z-axis. pre- 
dsion of 1 is enough and for y-axis, particularly 
severe fine adjustment is not required. For rotatkin, 9- 
axis is an axis related to Bragg diffractkxi condition and 
precision of one tenth second or less is required. For co- 
axis orthogonal to e-axis and perpendicular to a crystal 
surface, precision of one hundredth second or less is 
required. For ^axis. particular severe fine adjustment is 
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not required. Therefore, important axes to be finely 
adjusted are x-. z-, a>- and e-axes. 

As shown in Fig. 13. each X-ray half mirror 1 to 3 ts 
carved from a cylindrical silicon ingot 32 while being 
divided longitLxJinaily. A crystalline plate 30 which func- 
tions as an X-ray half mirror is carved from an ingot 32 
shown by a broken line so that it Is integrated with a 
base 31 It is desirable that the diffraction surface oi X- 
ray half mirrors 1 to 3 is (220). (440). (400). (422) and 

°*'^%1g 1 4 is a plan In the center and side views on the 
right and left sides showing an example of the constitu- 
tion of a movable stage in the direction of x-axis 3O0 for 
embodying positional control of 1/a tew A or less, "me 
stage 300 is a movable stage parallel to one axis and is 
carved from a thick steel plate by wire cutting. A stage 
attachment part 301 and a rrwvable part 302 are 
arranged in parallel and coupled by supporting pieces 
303 and 304. The supporting pieces 303 and 304 are 
coupled via the respective narrowed parts A to D. A 
res/erse L-shaped piezoelectric element attachment part 
305 is provided at one end of the stage attachment part 
301 One end of a lever 306 is coupled to one end of the 
movable part 302 via a narrow part R A piezoelectric 
element 310 is provided between the other end of the 
lever 306 and the piezoelectric attachment part 305. A 
narrow part E is formed close to the narrow part F. one 
end is supported by the lever 306 and the end is sup- 
ported by the stage attachment part 301. Electr^es 
312a and 312b are provided between the surface 
reverse to the surface on which a piezoelectric element 
310 is provided of the lever 306 and the stage attach- 
ment part 301 . The narrow parts A to F can be elasti- 
cally transformed. When the polarity of magnitude of 
voltage applied to the piezoelectric element 310 are 
controlled, the piezoelectric element 310 is stretched or 
contracted according to the control and the movable 
part 302 is displaced in the direction shown by an arrow. 
As points E and F are equivalent to a supporting point 
and a point of application at that time, the length of the 
stretched or contracted piezoelectric element 310 is 
reduced by this principle and the position of the movable 
part 302 can be finely controlled. Reduction ratio ts 
determined by selecting the ratio of distance aJb. The 
quantity of stretched or contracted piezoelectric ele- 
ment 310 can be monitored by measuring elecUostatic 
capacity between the electrodes 312a and 312b. As 
known from both side views shovm in Fig. 14, the 
respective bottoms of the movable part 302. the sup- 
porting pieces 303 and 304 and the lever 306 are 
extremely a little higher than the bottom of the stage 
attachment part 301 and further, the upper surface of 
the movable part 302 is extremely a little higher than the 
respective upper surfaces of other parts. Hereby, the 
movable part 302 can be smoothly moved and when 
stages are heaped, the movable part can be also con- 
trolled without difficulty. 

In this embodiment, the control of ©-axis and e-axis 
is also required and a rotating stage which can be uti- 



lized for it is required, however, as the rotating stages 
shown in Figs. 6 and 7 can be used for the respectve 
rotation axes, an example of the constitution of a-rotat- 
ing stage in this embodiment is not shown in the draw- 
5 tfiQ- 

As shown in Fig. 12. as important axes to be finely 
adjusted for X-ray half mirrors are x-. z-, co- and 0-ax^ 
the stages shown in Figs. 14. 6 and 7 are heaped and 
the heaped stages can support an independent X-ray 
10 half mirror with them adjustable. For example, assume 
that the stage shown in Fig. 14 is shifted by 90<' and 
heaped vertically, the stage attachment part 301 of the 
lower stage is fixed on the base common to independ- 
ent each X-ray haH mirror and the stage attachment part 
15 301 of the upper stage is fixed on the movable part 302 
of the lower stage. If tor example, the movable part of 
the lower stage is controlled in the direction of x-axis. 
the movable part of the upper stage is controlled in the 
direction of z-axis. Similarly, if the rotating stages shown 
20 in Figs. 6 and 7 are heaped as in the first embodiment, 
ta-axis and 6-axis can be also controlled in this embodi- 
ment. If a thick plate 101 on the fixed side of thelower 
stage of the rotating stages shown in Figs. 6 and 7 is 
fixed on the movable part of the upper stage of the stage 
25 Shown in Fig. 14. the thk^ plate 202 on the rotating s|de 
of the stage shown in Fig. 7 is controlled corresponding 
to four axes of x-, z-. ©- and e-axes. 

In this embodiment differently from the first embod- 
iment, independent X-ray half mirrors 1 to 3 are require! 
30 to be individually controlled. A stage 36 for adjusting 9- 
axis is provided to the X-ray half mirror 1. a stage 37 
heaped in two stages for adjusting e-axis and o>-axis is 
provided to the X-ray half mirror 2. a piezoelectric stage 
38 heaped in four stages consisting of the above rotat- 
35 ing stages for adjusting e-axis and co-axis and stages 
movable in parallel to x-axis and y-axis is provided to 
the X-ray half mirror 3 and the above stages are 
arranged on the base 39 via these. A laser interferom- 
eter 42 is also arranged on the base 39 to detect dis- 
40 placement in the direction equivalent to x-axis m Fig. 12. 
A laser beam 45 emitted from the laser interferometer 
42 is reflected on a reflecting mirror 48 such as a corner 
cube fixed on the piezoelectric element stage 38 and 
returned to the laser interferometer 42. A concave por- 
45 tion is provided on the base 39 so that the checked part 
50 of a subject 49 can bo put in the path 6b of an X-ray 
beam If a subject 49 is arranged in the path of the beam 
7b similar observation is also enabled and in that case, 
a concave portion is provkJed on the skle of the beam 
50 7b For stabilizing the operatfon of an X-ray interterorTi- 
eter and a laser interferometer and the safety of a sub- 
ject 49 a chancer 51 according to the shape of the 
base 39 is provided to prevent the X-ray interferometer 
and the laser interferometer from being in contact witfi 
55 the outside, an X-ray shield 53 is provkjed to prevent X- 
rays other than required X-rays from being radiated on a 
subject 49 and prior to imaging, a checked part 
(mamma) 50 is pressed by a hoWer 54 in a predeter- 
mined position so that the thickness is fixed and for 
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example, is tempofarily fixed on a bed. However, it is the 
same as in the first embodiment t^at the degree of free- 
dom which enables a little parallel rrxDvement and a little 
rotaton is provided to the holder 54 and it is desirable to 
secure flexibility in imaging. Reference numbers 55 and 5 
56 respectively denote a phase plate and its driving 
base and when diagnosis as an interfererrce pattern is 
dfff icutt, they are arranged in the path of the beam 7a as 
in the first embodiment so that diagnosis based upon an 
image shewing the distribution of phase shift is enabled 10 
by the fringe-scanning method. The phase plate is 
driven by a signal from a controller 328 which recerves 
an instruction from a computer 60. Reference numbers 
57. 58 and 81 are intensity monitors, eirranged as in the 
first embodiment and used for rough adjustment of the is 
X-ray hatf mirrors 1 to 3. Substantially the same interfer- 
ence patterns of the checked part 50 are observed in 
the paths of beams 6d and 7d, however, in this embodi- 
ment as in the first entxxiimerrt. an X-ray two-dimen- 
sional sensor 59 arranged so that it can receive the 2c 
beam 7d also detects an interference pattern. 

The rough adjustment of the X-ray half mirrors 1 to 
3 by the intensity monitors 57. 58 and 81 will be 
described below. In this embodiment as in the first 
embodiment, 'Q' of the X-ray half mirror 1 is also roughly 25 
adjusted so that the output of the intensity rrx^nrtor 81 is 
substantially maximum. Next. '6' of the X-ray haff mirror 
2 is roughly adjusted so that the output of the intensity 
nx>nrtor 57 is substantially nnaximum. Afterward, 9' of 
the X-ray hatf mirror 3 is roughly acljusted so that the 30 
output of the intensity monitor 58 is substantially maxi- 
mum. 

After the above rough adjustment, two rotation axes 
0-axis and ct>-axis are scanned controlling the two piezo- 
electric elements of the stage 37 until an irrterference 35 
pattern is sensed by an X-ray image sensor 59 artd two 
rotation axes d-axis anj a>-axis artd z-axis are scanned 
controlling the three piezoelectric elements of the stage 
38 to firxj an interference pattern. When an interference 
pattern is once obtained, the two rotation axes e-axis 40 
and a>-axis are controlled so that this interference pat- 
tern is optimum and diagnosis can be started. 

The X-ray two-dimensional sensors 58 and 59 are 
driven by camera controllers 63' and 63 and the camera 
controllers 63' and 63 are controlled by the computer 45 
60. Imaging is instructed by a control program run in the 
computer 60 and obtained inruges are stored in the 
memory of the computer 60 via the camera controllers 
63' and 63. Diagnosis is performed based upon image 
data stored In the memory and a control signal tor stabi- so 
lization by feedback is sent to a controller 325. A voltage 
contr6led signal is applied to the respective piezoelec- 
tric elements of the stage 36, the stage 37 heaped in 
two stages arxj the stage 38 heaped in tour stages 
according to a signal from the controller 325 which ss 
receives an instruction from the computer 60 and the 
feedback of 9-, cd- and x-axes is executed, however, this 
concrete example will be desaibed later. 

When 9-. q>- and x-axes which require high preci- 
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SI on adjustment are drifted after an interference pattern 
is once obtained and diagnosis can be started, an inter- 
ference pattern is varied. As tn the first embodiment, 
while a subject is diagnosed, the X-ray interferometer 
can be stabilized by monitoring an interference pattern 
obtained by the X-ray image sensor 58. The drift of 9- 
ans and Q>-axi6 is described in relation to the first 
embodiment and when x-axs ts also dntted as e-axis. 
apparent phase drfferery:e between the two beams 6b 
and 7b is varied. Theretore. stable diagnosis is ertabled 
try feedback-controlling so that the change of an inter- 
ference p>attem obtained by the X-ray image sensor 58 
IS deleted by processing by the computer 60 via the 
camera controller 63'. 

When an image is required to be obtained by the 
fringe-scanning method, it is desirable that an image 
showing the distrtoution of phase shift generated as in 
the first embodiment is displayed on the display of the 
computer 60. 

Fig. 16 is a biock diagram when the stage 38 
heaped in four stages of an apparatus shown in Rg. 15 
is driven and controlled by a computer The control of 
the stages 36 and 37 is described in reiaton to the fL'-st 
embodiment and the description Is omitted. The piezoe- 
lectric element stage 38 tor supporting the X-ray half 
mirror 3 is constituted by combinir>g the parallel nxTva- 
ble stages 65a and 65b provided with the structure 
shown In Fig. 1 4 arvj the rotating stages 64a and 64b 
provided with the structure shown in Rgs. 6 and 7 as 
described above to adjust x-, z-. co- ar»d 9-axes 
described in relation to Fig. 12. The piezoelectric ele- 
ment stage 38 is driven by a piezoelectric element con- 
troller 61 provided with plural channels. When the 
piezoelectric element stage 38 is driven by output from 
the piezoelectric element controller 61 , the piezoelectric 
element controller 61 reads the change of the output of 
electrostatic capacity sensors 31 2a and 31 2b corre- 
sponding to the movement of the movable part of the 
parallel nx>vable stages 65a and 65b and outputs volt- 
age generated by correcting ihe hysteresis of the piezo- 
electric element to the piezoelectric element. The 
output of the sensor is also sent to the computer 60. The 
laser interferometer 42 emits a laser beam 45, the 
reflecting mirror 48 installed together with the X-ray half 
mirror 3 on the piezoelectric element stage 38 reflects 
the laser beam 45 and returns It to the laser interferom- 
eter 42. When the position (in the direction of x-axis) of 
the piezoelectric element stage 38 is changed, the laser 
interferometer 42 detects variation, outputs a sigrtal 
including the information of the variation and sends it to 
the computer 60 via an A/D converter 62. A control pro- 
gram run in the computer 60 processes the sent signal 
and instructs the piezoelectric element controller 61 to 
change voltage applied to the piezoelectric element as 
a feedback signal. Signals from the intensity nnonitors 
57 and 58 are used tor adjusting a feedback signal as 
the auxiliary data of the control program run in the com- 
puter 60. The X-ray two-dimensional sensor 59 is driven 
by the camera controller 63 and the camera controller 
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63 is controlled by the computer 60. Imaging is 
instructed by the control program run in the <^°^^ °° 
and obtained images are stored in the memory of the 
corrputer 60 via the camera controller 63. 

When an image is required to be obtained by the 
tringe-scannlng method, plural images (interference 
patterns) are obtained chanj^ng phase difference as .n 
meT^t embodiment and the computer 60 operates 
tased upon the obtained images as shovyn m ^ 
exDression (1) and the generated image showing the 
Z^Z of phase shift is displayed on the display of 

rC^'Som the cor^ast of F,gs. 15 and 16^ in 
Fia 1 6 a part of lines showing the transmission of a sig- 
nal to the^mputer for control and the transmisa»n of a 
^01 signalfrom the computer for control to each 
stage are omitted to simpli»y the drawing. 

in this enixxliment, a stage for ad,ustment is prc^ 
vided to each X-ray half mirror 1 to 3. however, as the 
adStment of these mirrors is r^atve. » need hardly be 
said that one of the three mirrors can be fixed^ 

AS an transformed exarrple a. the first and second 
embodiments, a subject 49 may be P"''" Pf'ltd 
beam 7a. In this case, there is a merrt that me shi^d 
plate 53 required in the second embodiment ran be 
oLei. Asia quantity of X-rays radiated on a s*ie« 
49 is only doJDled in the present i'™*"'''"^^*^™ * 
shield plate 53 is omitted, the quantity in which X-rays 
arlVadated is by far smaller than that in the conven- 
ZT^Tm However, as the smaller the quantty 
7x.Z radiated on a subject is. the better it « a^ 
substantially the same performance c^ be expe^ed tor 
me X-ray interferometer 9.en rt me sde on which an X- 
ay is incident ami me side from wh,<m an X:ray is^t- 
g^ng are inverted, a subject 49 -^V,^ V" f^^^' 
of me beam 7a, Similarly, in metirst embodiment a sub 
je^may be also put »i me pam of me beam 6a^ How- 
'e7er, in these cases, as an X-ray '^'^^^^J^^'^ 
the checked part 50 passes mrough the two X-ray t^K 
r^frrors 2 ar^3 until it reaches me two-dimensior^ 
^;^or 59. me spatial -soMng power of an obta^ed 
image is a little deteriorated. In mis embodiment, space 
w^* a siiJject 49 can use extended and rf « easy fc. 
asubject49lohold aposturein imaging. The size of the 
w^i apparatus can be also reduced. A phase plate fo^ 
applying a fringe-scanning mettxxl may be inserted in 

'"^ Sl7 Shows an example of an X-ray source con- 

vienient lor an X-ray *"'9'^'«^«'f . ^ . 

As an X-ray interlerometer functions for a quasi 
monochrome X-ray. A is advantageous to use an intense 
X-ray source to some extent so as to image an .mage 
promptly. In me case of an optical system used in me 
^ embodiments, me shape of me X-ray 
required to be thin in the perpendicular direc*on. how- 
Z ™y be long in the horizontal direction. Therefore, 
Ta ™Son source particularly exerted by an electron 
beam or by a laser beam is used, rt is effective to consti- 
tute me radiation source as shown in Fig. 17. 



AS shown in Fig. 17, a reference number 540 
denotes a teroet 541 denotes a rotation axis, 54Z 
an X-ray generated part. 543 denot^ an e^^ 
tron beam source or a laser beam source 544 denot^ 
, an electron beam or a laser beam, 545 deno es an X- 
' ^y and 546 derx>tes a fiter. In Fig. 17. me plan o^ me 
target 540 is also shown. According to mis constitution, 
an electron beam or a laser beam 544 linearty scans on 
me target 540 and an X-ray source longer sideways can 
„ Te formed. Hereby, as heat provided to me «rget can 
be relatively diffused, more X-rays can be let to me X- 
ray interferometer. 

Though the drawing is oo^tted. rt .s al^f^^^jf 
that the direction in which a crystal 34 is reflected -s d^^- 
,5 Terentiated ,n each embcxliment and a ^^^^^^ 
apparatus in which two or more crysjals are contnu- 
ousiy reflected is used so as to supply a better X ray 
beam to an X-ray interferometer 

in the above errtxxJiments as Shown .n F,gs. 9 and 

^ 15. we did not referred about spacer tor adjusting ^e 
height of the hart mirror However the height of the half 
Jor shoukl be adjusted by a spacer according to the 
number of a piezoelectric element driving stage. 

According to the present invention, as an .mage 
25 can be sensrtvely imaged, contrast "^«^.a are no 
required to be injected properly, however, when the con- 
lTo7a specrtic interested part is to be e^pha-ed. 
contrast media may be us«l. In th.s case, contrast 
media consisting of heavy elements .s not requ.ed to 
30 be used as in the conventional type method and con- 
^ast media consisting of a wide range of maten^ can 

iSordi^ to me present invention, a high sensitive 
phase^ontrast X-ray imaging system provded with a 
35 wide visual lieW can be obtained. 



Claims 

1. A phase-contrast X-ray imaging system, compris- 
ing 

a first half-mirror (1) for separating an incident 
X-ray into two mutually interlenng beams, 
a second haH-mirror (3) for connecting a beam 
obtained by inserting an obiect (50) in the path 
of one of said two beams and the other beam^ 
a detector (59) for detecting a beam connected 
by said second haH-nrwrror (3). and 
a processing section (60) tor obtaining the 
irnage oi said object (50) based upon the out- 
put of said detector (59), 

wherein at least one of both half-mirrors 
(1 3) IS installed on a taWe (39) via a mirror 
adjusting mechanism for adjusting the relative 
5 posittonal relationship between the half-mirrors 

(Ts). so that an observation field exceeding 2 
cm X 2 cm is obtained. 

2. The imaging system of claim 1. comprising third 
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and fourth hart-mirrors (2a. 2b) for separatir>g each 
of the two beams separated by sard first half-mirror 
(1) into two beams, wherein said second haJf-mirror 
(3) connects a beam obtained by inserting an 
object (50) in the path of a beam obtained by one of 5 
sa»d third and fourth half-mirrors (2a. 2b) and a 
beam obtained by the other one of said third and 
fourth half-mirrors (2a. 2b). 

The imaging system of daim 1, comprising two 10 
reflecting mirrors for reflecting the two beams 
obtained by said first hatf -mirror (1). wherein said 
second half -mirror (3) connects a beam obtained by 
inserting an object (50) in the path of a beam 
obtained by one of said reflecting mirrors and a is 
beam obtained by the other reflecting mirror. 

The imaging system of claim 2. wherein said third 
and fourth half-min-ors (2a. 2b) are constrtuted as a 
comnx5n one hatf-mirror oonstitL'tionally. and are in 20 
different positions in which respective beams pass. 

The imaging system of any precedir>g daim. 
wherein at least one of said half-mirrors (1, 2a, 2b. 
3) IS carved from an ingot made of nrionocrystalline 2t 
material. 

A phase-contrast X-ray imaging system, compris- 
ing 

30 

a first half-mirror (1) for separating an inddent 
X-ray into two mutually interfering beams, 
third and fourth half-mirrors {2a, 2b) for sepa- 
rating each of the two beams obtained by said 
first haJf-mirror (1) into two t>eams, 35 
a second half-mirror (3) tor connectirig a beam 
obtained by inserting an object (50) in the path 
of the beam obtained by one of said third and 
fourth half- mirrors (2a. 2b) and the beam 
obtained by the other one of said third and 40 
fourth half- mirrors (2a. 2b). 
a detector (59) for detecting a beam connected 
by said second half-mirror (3). and 
a processing section (60) for obtaining the 
image of said object (50) based upon the out- *5 
put of said detector (59). wherein 
said first and fourth nrurrors (1 . 2a) are carved 
from an ingot n^ade of one monocry stall ine 
nriaterial and constituted on a monolithic com- 
mon base, 50 
said secorxl and fourth half-mirror (3. 2b) are 
carved from an ingot made of one monocrystaJ- 
line material and constituted on a nxxiolithic 
comrrxxi base, arxJ 

at least one of the two sets of half-mirrors is ss 
installed on a table (39) via a mirror adjusting 
mechanism for adjusting the relative positional 
relationship of the sets of half -mirrors, so that 
the observation field exceeding 2 cm x 2 cm is 



obtained 

7. The imaging system of any preceding claim, 
wherein a phase shifter is inserted in the path of at 
least one of the two mutually interfering beams. 

8. A phase -contrast X-ray imaging system, compris- 
ing 

a first half- mirror (1) for separating an incident 
X-ray into two mutually interfering beams, 
third and fourth half-mirrors (2a, 2b) tor sepa- 
rating each of the two beams obtained by said 
first hart-mirror (1) into two beams, 
a second half- mirror (3) for connecting a beam 
obtained by inserting an object (50) in the path 
of the beam obtained by one of said third and 
fourth hart-mtrrors (2a, 2b) and the beam 
obtained by the other one of said third and 
fourth hart -mirrors (2a. 2b), 
a detector (59) tor detecting a beam connected 
by said second hart-mirror (3). and 
a processing section (60) tor obtaining the 
image of said object (50) based upon the out- 
put of said detector (59), wherein 
said first and third half-mirrors (1. 2a) are 
carved from an ingot made of one monocrystal- 
line arterial and constrtuted as a first set of 
hart-mirrors provided with a monolithic com- 
mon base. 

said secorxd and fourth hatf-mirror (3. 2b) are 
carved from an ingot made of one monocrystal- 
line material and constituted as a second set of 
hatf-mirrors provided with a monolithic com- 
mon base, and 

at least one of the two sets of half-mirrors is 
installed on a table (39) via a mirror adjusting 
mechanism tor adjusting the relative positional 
relationship of the sets of half-mirrors, so that 
an observation field exceeding 2 cm x 2 cm is 
obtained. 

9. The In-iaging system of claim 8, wherein a phase 
shifter is inserted in the path of that one of said two 
mutually interfering beams in which no object is 
inserted. 

10. The imaging system of claim 8. wherein a process- 
ing section (60) for obtaining the image of said 
object (50) based upon the output of a detector (59) 
for detecting a beam connected by said secorxJ 
half -mirror (3) sends a control signal to a mirror 
adjusting mechanism tor adjusting the relative posi- 
tional relationship between the sets of half-mir- 
rors(1, 2a; 3, 2b). taking notice of it that the 
apparent phase difference of two mutually interfer- 
ing beams is varied in case an axis related to Bragg 
diffraction condition of the half-mirror is drifted 
when an interference pattern is once observed on 
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sad detector (59) and in the meantme. m case an 
axis orthogonal to this axis and perpendicular to the 
ZLeV. crystal is drift«i. alringe I.Ke nnare pat^ 
tern is generated and is stretched or contracted 
de^el^ing upon the quantity of the drift of the ax>s. s 

11. A phase-contrast X-ray imaging system, compris- 
ing 

a first half-mirror (1 ) for separating an inadent r 

X-ray into two mutually interfering beams. 

a second half-mirror (3) for connecting a beam 

obtained by insertng an object (50) in the pa^h 

of one of sakd two beams arxl the other bearn^ 

a detector (59) for detecting a beam connected 

by said second hatf-mirror (3). and 

a proces^ng sec^cx. (60) ^or obta.n.ng the 

image of said object (50) based upon the out- 

put of said detector (59). wherein 

at least one of the two half-m.rrors (l . 3) .s 

installed on a table (39) via a mirror adjusting 

mechanism for adjusting the relative pos.toral 

relationship between the haH-minrors (1. 3). 

^ table (39) and an apparatus on the table 
are housed in one chamber (51) and an obser- 
vation field provided with a window made of 
material through which an X-ray can be tr^- 
mitted in the path of an X-ray. so that a^obse.- 
vation field exceeding 2 cm x 2 cm is obtained. 

12. The imaging system of claim 1 1 . wherein 

a base is provkled in said chamber (51) . 

said half-mirror is attached in a pool housing 

liquid with high viscosity supported by said 

t3ase, and x. „ tu^ cr. 

only said half-mirror is exposed from the sur 

face of the liquid. 

13. The irr^gir^ system of claim 11. wherein said 
charrtoer (51) is evacuated. 
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